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Letters to the Editor. 

[The Editor does not hold himself responsible for opinions 

expressed by his correspondents■ Neither can he undertake 

to return, or to correspond with the writers of, rejected 

manuscripts intended for this or any other part of Nature. 

No notice is taken of anonymous communications .] 

Atomic Structure. 

In a letter to Nature of November 25 last Dr. 
Norman Campbell discusses the problem of the 
possible consistency of the assumptions about the 
motion and arrangement of electrons in the atom 
underlying the interpretation of the series spectra of 
the elements based on the application of the quantum 
theory to the nuclear theory of atomic structure, and 
the apparently widely different assumptions which 
have been introduced in various recent attempts to 
develop a theory of atomic constitution capable of 
accounting for other physical and chemical properties 
of the elements. Dr. Campbell puts forward the 
interesting suggestion that the apparent inconsistency 
under consideration may not be real, but rather 
appear as a consequence of the formal character of 
the principles of the quantum theory, which might 
involve that the pictures of atomic constitution used 
in explanations of different phenomena may have a 
totally different aspect, and nevertheless refer to the 
same reality. In this connection he directs attention 
especially to the so-called “ principle of correspond¬ 
ence,” by the establishment of which it has been 
possible—notwithstanding the fundamental difference 
between the ordinary theory of electromagnetic radia¬ 
tion and the ideas of the quantum theory—to com¬ 
plete certain deductions based on the quantum theory 
by other deductions based on the classical theory of 
radiation. 

In so far as it must be confessed that we do not 
possess a complete theory which enables us to 
describe in detail the mechanism of emission and 
absorption of radiation by atomic systems, I naturally 
agree that the principle of correspondence, like ail 
other notions of the quantum theory, is of a some¬ 
what forma] character. But, on the other hand, the 
fact that it has been possible to establish an intimate 
connection between the spectrum emitted by an 
atomic system—deduced according to the quantum 
theory on the assumption of a certain type of motion 
of the particles of the atom—and the constitution of 
the radiation, which, according to the ordinary theory 
of electromagnetism, would result from the same 
type of motion, appears to me to afford an argument 
in favour of the reality of the assumptions of the 
spectral theory of a kind scarcely compatible with 
Dr. Campbell’s suggestion. On the contrary, if we 
admit the soundness of the quantum theory of 
spectra, the principle of correspondence would seem 
to afford perhaps the strongest inducement to seek 
an interpretation of the other physical and chemical 
properties of the elements on the same lines as the 
interpretation of their series spectra; and in this 
letter I should like briefly to indicate how it seems 
possible by an extended use of this principle to 
overcome certain fundamental difficulties hitherto 
involved in the attempts to develop a general theory 
of atomic constitution based on the application of the 
quantum theory to the nucleus atom. 

The common character of theories of atomic con¬ 
stitution has been the endeavour to find configura¬ 
tions and motions of the electrons which would seem 
to offer an interpretation of the variations of the 
chemical properties of the elements with the atomic 
number as they are so clearly exhibited in the well- 
known periodic law. A consideration of this law 
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leads directly to the view that the electrons in the 
atom are arranged in distinctly separate groups, each 
containing a number of electrons equal to one of the 
periods in the sequence of the elements, arranged 
according to increasing atomic number. In the first 
attempts to obtain a definite picture of the configura¬ 
tion and motion of the electrons in these groups it 
was assumed that the electrons within each group at 
any moment were placed at equal angular intervals 
on a circular orbit with the nucleus at the centre, 
while in later theories this simple assumption has 
been replaced by the assumptions that the configura¬ 
tions of electrons within the various groups do not 
possess such simple axial symmetry, but exhibit a 
higher degree of symmetry in space, it being 
assumed, for instance, that the configuration of 
the electrons at any moment during their motions 
possesses polyhedral symmetry. All such theories 
involve, however, the fundamental difficulty that no 
interpretation is given why these configurations 
actually appear during the formation of the atom 
through a process of binding of the electrons bv the 
nucleus, and why the constitution of the atom is 
essentially stable in the sense that the original con¬ 
figuration is reorganised if it be temporarily dis¬ 
turbed by external agencies. If we reckon with 
no other forces between the particles except the 
attraction and repulsion due to their electric charges, 
such an interpretation claims clearly that there must 
exist an intimate interaction or “coupling” between 
the various groups of electrons in the atom which is 
essentially different from that which might be ex¬ 
pected if the electrons in different groups are assumed 
to move in orbits quite outside each other in such a 
way that each group may be said to form a “ shell ” 
of the atom, the effect of which on the constitution 
of the outer shells would arise mainly from the com¬ 
pensation of a part of the attraction from the nucleus 
due to the charge of the electrons. 

These considerations are seen to refer to essential 
features of the nucleus atom, and so far to have no 
special relation to the character of the quantum 
theory, which was originally introduced in atomic 
problems in the hope of obtaining a rational inter¬ 
pretation of the stability of the atom. According to 
this theory an atomic system possesses a number of 
distinctive states, the so-called “ stationary states,” in 
which the motion can be described bv ordinary 
mechanics, and in which the atom can exist, at anv 
rate for a time, without emission of energy radiation. 
The characteristic radiation from the atom is emitted 
only during a transition between two such states, and 
this process of transition cannot be described by 
ordinary mechanics, anv more than the character of 
the emitted radiation can be calculated from the 
motion by the ordinary theory of electro-magnetism, 
it being, in striking contrast to this theory, assumed 
that the transition is always followed by an emission 
of monochromatic radiation the frequency of which 
is determined simply from the difference of energy 
in the two states. The application of the quantum 
theory to atomic problems—which took its starting 
point from the interpretation of the simple spectrum 
of hydrogen, for which no a priori fixation of the 
stationary states of the atoms was needed—has in 
recent vears been largely extended by the development 
of systematic methods for fixing the stationary states 
corresponding to certain general classes of mechanical 
motions. While in this way a detailed interpretation 
of spectroscopic results of a very different kind has 
been obtained, so far as phenomena which depend 
essentially on the motion of one electron in the 
atom were concerned, no definite elucidation has 
been obtained with regard to the constitution of 
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atoms containing several electrons, due to the cir¬ 
cumstance that the methods of fixing stationary 
states were not able to remove the arbitrariness in 
the choice of the number and configurations of the 
electrons in the various groups, or shells, of the atom. 
In fact, the only immediate consequence to which 
they lead is that the motion of every electron in the 
atom will on a first approximation correspond to one 
of the stationary states of a system consisting of a 
particle moving in a central field of force, which in 
their limit are represented by the various- circular or 
elliptical stationary orbits which appear in Sommer- 
feld’s theory of the fine structure of the hydrogen 
lines. A way to remove the arbitrariness in question 
is opened, however, by the introduction of the corre¬ 
spondence principle, which gives expression to the 
tendency in the quantum theory to see not merely a 
set of formal rules for fixing the stationary states of 
atomic systems and the frequency of the radiation 
emitted by the transitions between these states, but 
rather an attempt to obtain a rational generalisation 
of the electromagnetic theory of radiation which 
exhibits the discontinuous character necessary to 
account for the essential stability of atoms. 

Without entering here on a detailed formulation of 
the correspondence principle, it may be sufficient for 
the present purpose to say that it establishes an 
intimate connection between the character of the 
motion in the stationary states of an atomic system 
and the possibility of a transition between two of 
these states, and therefore offers a basis for a 
theoretical examination of the process which may be 
expected to take place during the formation and re¬ 
organisation of an atom. For instance, we are led 
bv this principle directly to the conclusion that we 
cannot expect in actual atoms configurations of the 
type in which the electrons within each group are 
arranged in rings or configurations of polyhedral 
symmetry, because the formation of such configura¬ 
tions would claim that all the electrons within each 
group should be originally bound by the atom at the 
same time. On the contrary, it seems necessary to 
seek the configurations of the electrons in the atoms 
among such configurations as may be formed by 
the successive binding of the electrons one by one, a 
process the last stages of which we may assume to 
witness in the emission of the series spectra of the 
elements. Now on the correspondence principle we 
are actually led to a picture of such a process which 
not only affords a detailed insight into the structure 
of these spectra, but also suggests a definite 
arrangement of the electrons in the atom of a 
type which seems suitable to interpret the high- 
frequency spectra and the chemical properties of the 
elements. Thus from a consideration of the possible 
transitions between stationary states, corresponding 
to the various steps of the binding of each of the 
electrons, we are led in the first place to assume that 
onlv the two first electrons move in what may be 
called one-quantum orbits, which are analogous to 
that stationary state of a central system which corre¬ 
sponds to the normal state of a system consisting of 
one electron rotating round a nucleus. The electrons 
bound after the first two will not be able by a transi¬ 
tion between two stationary states to procure a posi¬ 
tion in the atom equivalent to that of these two 
electrons, but will move in what may be called 
multiple-quanta orbits, which correspond to other 
stationary states of a central system. 

The assumption of the presence in the normal state 
of the atom of such multiple-quanta orbits has already 
been introduced in various recent theories, as, for 
instance, in Sommerfeld’s work on the high-frequency 
spectra and in that of Landd on atomic dimen- 
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sions and crystal structure; but the application of the 
correspondence principle seems to otter for the first 
time a rational theoretical basis for these conclusions 
and for the discussion of the arrangement of the orbits 
of the electrons bound after the first two. Thus by 
means of a closer examination of the progress of the 
binding process this principle offers a simple argu¬ 
ment for concluding that these electrons are arranged 
in groups in a way which reflects the periods 
exhibited by the chemical properties of the elements 
within the sequence of increasing atomic numbers. 
In fact, if we consider the binding of a large number 
of electrons by a nucleus of high positive charge, 
this argument su^^eSts that after the first two elec¬ 
trons are bound in one-quantum orbits, the next eight 
electrons will be bound in two-quanta orbits, the next 
eighteen in t-hree-quanta orbits, and the next thirty- 
two in four-quanta orbits. 

Although the arrangements of the orbits of the 
electrons within these groups wiil exhibit a remark¬ 
able degree of spatial symmetry, the groups cannot 
be said to form simple shells in the sense in 
which this expression is generally used as regards 
atomic constitution. In the first place, the argument 
involves that the electrons within each group do not 
all play equivalent parts, but are divided into sub¬ 
groups corresponding to the different types of 
multiple-quanta orbits of the same total number of 
quanta, w'hich represents the various stationary states 
of an electron moving in a central field. Thus, cor¬ 
responding to the fact that in such a system there 
exist two types of two-quanta orbits, three types of 
three-quanta orbits, and so on, we are led to the view 
that the above-mentioned group of eight electrons 
consists of two sub-groups of four electrons each, 
the group of eighteen electrons of three sub-groups 
of six electrons each, and the group of thirty-two 
electrons of four sub-groups of eight electrons each. 

Another essential feature of the constitution 
described lies in the configuration of the orbits of 
the electrons in the different groups relative to each 
other. Thus for each group the electrons within 
certain sub-groups will penetrate during their revolu¬ 
tion into regions which are closer to the nucleus 
than the mean distances of the electrons belonging 
to groups of fewer-quanta orbits. This circumstance, 
which is intimately connected with the essential 
features of the processes of successive binding, gives 
just that expression for the “ coupling ” between the 
different groups which is a necessary condition for 
the stability of atomic configurations. In fact, this 
coupling is the predominant feature of the whole 
picture, and is to be taken as a guide for the inter¬ 
pretation of all details as regards the formation of 
the different groups and their various sub-groups. 
Further, the stability of the whole configuration is 
of such a character that if any one of the electrons 
is removed from the atom by external agencies not 
only may the previous configuration be reorganised by 
a successive displacement of the electrons within the 
sequence in which they were originally bound by the 
atom, but also the place of the removed electron may 
be taken by any one of the electrons belonging to more 
loosely bound groups or sub-groups through a process 
of direct transition between two stationary states, ac¬ 
companied by an emission of a monochromatic radia¬ 
tion. This circumstance—which offers a basis for a 
detailed interpretation of the characteristic structure 
of the high-frequency spectra of the elements—is inti¬ 
mately connected with the fact that the electrons in 
the various sub-groups, although they may be said 
to play equivalent parts in the harmony of the inter¬ 
atomic motions, are not at every moment arranged 
in configurations of simple axial or polyhedral sym- 
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metry as in Sommerfeld’s or Lande’s work, but that 
their motions are, on the contrary, linked to each 
other in such a way that it is possible to remove any 
one of the electrons from the group by a process 
whereby the orbits of the remaining electrons are 
altered in a continuous manner. 

These general remarks apply to the constitution and 
stability of all the groups of electrons in the atom. On 
the other hand, the simple variations indicated above 
of the number of electrons in the groups and sub¬ 
groups of successive shells hold only for that region 
in the atom where the attraction from the nucleus 
compared with the repulsion from the electrons pos¬ 
sesses a preponderant influence on the motion of 
each electron. As regards the arrangements of the 
electrons bound by the atom at a moment when the 
charges of the previously bound electrons begin to 
compensate the greater part of the positive charge 
of the nucleus, we meet with new features, and a 
consideration of the conditions for the binding 
process forces us to assume that new, added electrons 
are bound in orbits of a number of quanta equal to, 
or fewer than, that of the electrons in groups pre¬ 
viously bound, although during the greater part of 
their revolution they will move outside the electrons 
in these groups. Such a stop in the increase, or even 
decrease, in the number of quanta characterising 
the orbits corresponding to the motion of the elec¬ 
trons in successive shells takes place, in general, 
when somewhat more than half the total number of 
electrons is bound. During the progress of the 
binding process the electrons will at first still be 
arranged in groups of the indicated constitution, so 
that groups of three-quanta orbits will again contain 
eighteen electrons and those of two-quanta orbits 
eight electrons. In the neutral atom, however, the 
electrons bound last and most loosely will, in general, 
not be able to arrange themselves in such a regular 
way. In fact, on the surface of the atom we meet 
with groups of the described constitution only in the 
elements which belong to the family of inactive 
gases, the members of which from many points of 
view have also been acknowledged to be a sort of 
landmark within the natural system of the elements. 
For the atoms of these elements we must expect the 
constitutions indicated by the following symbols : 

Helium (2,), Krypton (2,8.1838.,), 

Neon (2,8 2 ), Xenon (2,8318318383), 

Argon (2,8.8,), Niton (2,8318332,18383), 

where the large figures denote the number of elec¬ 
trons in the groups starting from the innermost one, 
and the small figures the total number of quanta 
characterising the orbits of electrons within each 
group. 

These configurations are distinguished by an in¬ 
herent stability in the sense that it is especially difficult 
to remove any of the electrons from duch atoms so 
as to form positive ions, and that there will be no 
tendency for an electron to attach itself to the atom 
and to form a negative ion. The first effect is due to 
the large number of electrons in the outermost group; 
hence the attraction from the nucleus is not com¬ 
pensated to the same extent as in configurations where 
the outer group consists only of a few electrons, as is 
the case in those families of elements which in the 
periodic table follow immediately after the elements 
of the family of the inactive gases, and, as is well 
known, possess a distinct electro-positive character. 
The second effect is due to the regular constitution 
of the outermost group, which prevents a new electron 
from entering as a further member of this group. In 
the elements belonging to the families which in the 
periodic table precede the family of the inactive gases 
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we meet in the neutral atom with configurations of 
the outermost group of electrons which, on the other 
hand, exhibit a great tendency to complete them¬ 
selves by the binding of further electrons, resulting 
in the formation of negative ions. 

The general lines of the latter considerations are 
known from various recent theories of atomic con¬ 
stitution, such as those of A. Kossel and G. Lewis, 
based on a systematic discussion of chemical evidence. 
In these theories the electro-positive and electro-nega¬ 
tive characters of these families in the periodic table 
are interpreted by the assumption that the outer elec¬ 
trons in the atoms of the inactive gases are arranged 
in especially regular and stable configurations, 
without, however, any attempt to give a detailed 
picture of the constitution and formation of these 
groups. In this connection it may be of interest to 
direct attention to the fundamental difference between 
the picture of atomic constitution indicated in this 
letter and that developed by Langmuir on the basis 
of the assumption of stationary or oscillating elec¬ 
trons in the atom, referred to in Dr. Campbell’s letter. 
Quite apart from the fact that in Langmuir’s theory 
the stability of the configuration of the electrons is 
considered rather as a postulated property of the 
atom, for which no detailed a priori interpretation is 
offered, this difference discloses itself clearly by the 
fact that in Langmuir’s theory a constitution of the 
atoms of the inactive gases is assumed in which the 
number of electrons is always largest in the outer¬ 
most shell. Thus the sequence of the number of 
electrons within the groups of a niton atom is, instead 
of that indicated above, assumed to be 2, 8, 18, 18, 32, 
such as the appearance of the periods in the sequence 
of the elements might seem to claim at first sight. 

The assumption of the presence of the larger groups 
in the interior of the atom, which is an immediate 
consequence of the argument underlying the present 
theory, appears, however, to offer not merely a more 
suitable basis for the interpretation of the general pro¬ 
perties of the elements, but especially an immediate 
interpretation of the appearance of such families 
of elements within the periodic table, where the 
chemical properties of successive elements differ only 
very slightlv from each other. The existence of such 
families appears, in fact, as a direct consequence of 
the formation of groups containing a larger number 
of electrons in the interior of the atom when proceed¬ 
ing through the sequence of the elements. Thus in 
the family of the rare earths we may be assumed to 
be witnessing the successive formation of an inner 
group of thirtv-two electrons at that place in the atom 
where formerly the corresponding group possessed 
only eighteen electrons. In a similar way we may 
suppose the appearance of the iron, palladium, and 
platinum families to be witnessing stages of the 
formation of groups of eighteen electrons. Compared 
with the appearance of the family of the rare earths, 
however, the conditions are here somewhat more 
complicated, because we have to do with the forma¬ 
tion of a group which lies closer to the surface of the 
atom, and where, therefore, the rapid increase in the 
compensation of the nuclear charge during the pro¬ 
gress of the binding process piays a greater part. 
In fact, we have to do in the cases in question, not, 
as in the rare earths, with a transformation which in 
its effects keeps inside one and the same group, and 
where, therefore, the increase in the number in this 
group is simply reflected in the number of the 
elements within the family under consideration, but 
we are witnesses of a transformation which is accom¬ 
panied by a confluence of several outer groups of 
electrons. 

In a fuller account which will be published soon 
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the questions here discussed will be treated in greater 
detail. In this letter it is my intention only to direct | 
attention to the possibilities which the elaboration of 
the principles underlying the spectral applications of 
the quantum theory seems to open for the interpreta¬ 
tion of other properties of the elements. In this con¬ 
nection I should also like to mention that it seems 
possible, from the examination of the change of the 
spectra of the elements in the presence of magnetic 
fields, to develop an argument which promises to 
throw light on the difficulties which have hitherto 
been involved in the explanation of the characteristic 
magnetic properties of the elements, and have been 
discussed in various recent letters in Nature. 

N. Bohr. 

Copenhagen, February 14. 


The Dimensions of Atoms and Molecules. 

Certain relations which are to be traced between 
the distances separating atoms in a crystal make it 
possible to estimate the distance between their centres 
when linked together in chemical combination. On 
the Lewis-Langmuir theory of atomic constitution, 
two electro-negative elements when combined hold 
one or more pairs of electrons in common, so that 
the outer electron shell of one atom may be 
regarded as coincident with that of the other at the 
point where the atoms are linked together. From 
this point of view, estimates may be made (W. L. 
Bragg, Phil. Mag., vol. xi., August, 1920) from 
crystal data of the diameters of these outer shells. 
The outer shell of neon, for example, was estimated 
from the apparent diameters of the carbon, nitrogen, 
oxygen, and fluorine atoms, which show' a gradual 
approximation to a minimum value of i-3oxto -8 cm. 
The diameters of the inert gases as found in this 
way are given in the second column of the following 
table : 


Gas 

Diameter 2<r 
(Crystals) 

Diameter 2er' 
(Viscosit) ) 

Difference 
2<r' - 2cr 

Helium 

— 

1-89 

— 

Neon ... 

1-30 

2-35 

T-05 

Argon 

... 2-05 

2-87 

0-82 

Krypton 

■■■ 2-35 

3' T 9 

0-84 

Xenon 

... 2-70 

3-5 1 

o-81 


In the third column are given Rankine’s values 
(A. O. Rankine, Proc. Roy. Soc., A, vol. xcviii., 693, 
pp. 360-74, February, 1921) for the diameters of the 
inert gases calculated from their viscosities by Chap¬ 
man’s formula (S. Chapman, Phil. Trans. Roy. Soc., 
A, vol. ccxvi., pp. 279-348, December, 1915)- These 
are considerably greater than, the diameters calculated 
from crystals, but this is not surprising in view of 
our ignorance both of the field of force surrounding 
the outer electron shells and of the nature of the 
electron-sharing which links the atoms together, for 
it is quite possible that their structures might 
coalesce to a considerable extent. The constancy of 
the differences between the two estimates given in 
the fourth column shows that the increase in the 
size of the atom as each successive electron shell 
is added is nearly, the same (except in the case of 
neon), whether, measured by viscosity or by the 
crystal data. Further, Rankine has shown that the 
molecule Cl. behaves as regards its viscosity like two 
argon atoms with a distance between their centres 
very closely equal to that calculated from crystals, 
and that the same is true for the pairs Br, and 
krypton, I, and xenon. 

We see, therefore, that the evidence both of crystals 
and viscosity measurements indicates that (a) the ele¬ 
ments at the end of any one period in the periodic 
table are very nearly identical as regards the diameters 
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of their outer electron shells, and ( b ) in passing from 
one period to the next there is a definite increase in the 
dimensions of the outer electron shell, the absolute 
amount of this increase estimated by viscosity agree¬ 
ing closely with that determined from crystal 
measurements. 

A further check on these measurements is afforded 
by the infra-red absorption spectra of HP", HC1, and 
HBr. The wave-number difference 8v between suc¬ 
cessive absorption lines determines the moment of 
inertia I of the molecule in each case, the formula 
being 


where h is Planck’s constant and c the velocity of 
light. 

It is therefore possible to calculate the distances 
between the centres of the nuclei in each molecule, 
for 

2 _ m + m' h 

mm' ’ 

where m and m! are the atomic weights relative to 
hydrogen and m K the mass of the hydrogen atom. 
The following table gives these distances (E. S. Imes, 
Astroph. Journal, vol. 1., p. 251, 1919)- It will be 
seen that there are again increases in passing from 
F to Cl and Cl to Br, which agree closely w'ith the 
increases in the radii 0- of the electron shells given 
by the crystal and viscosity data. 


s X io 8 


<T X IO 8 
(Crystals) 

<T f X IO 8 
(Viscosity) 

H F 0-93 

Neon F) ... 

0-65 

1*17 

O '33 


°'J 7 

O’26 

H Cl 1-28 

Argon (= Cl) ... 

I ’02 

1-43 

o-is 


0-13 

O'13 

H Br I -43 

Krypton (=; Br) ... 

1 17 

1-58 



O'18 

O' 17 

II I — 

Xenon (= I ) ... 

I ‘35 

175 


The increase from fluorine to chlorine of 
0-35x to -8 cm. confirms the estimate given by 
crystals of 0-37x10- 8 cm., as against the estimate 
0-26x10-’ cm. given by viscosity data. It follows 
from the above that the distance between the hydrogen 
nucleus and the centre of an electro-negative atom to 
which it is attached is obtained by adding 
0-26x10-* cm. to the radius of the electro-negative 
atom as given by crystal structures. The radius of 
the inner electron orbit, according to Bohr’s theory, 
is 0-53X10-* cm., double this value. The crystal 
data, therefore, predict the value 8v=i3-o cm.- 1 for 
the HI molecule, corresponding to a distance 
i-6ixio-* cm. between their atomic centres. 

This evidence is interesting as indicating that the 
forces binding the atoms together are localised at that 
part of the electron shell where linking takes place. 

W. L. Bragg. 

H. Bell. 

Manchester University, March 16. 


The International Research Council. 

The object of this council, says Sir Arthur Schuster 
in Nature of March 17, is “ to reorganise international 
work which had come to a standstill through the 
war, and to extend it where found desirable.” It 
may be worth while to consider for a moment how 
the council has set to work to promote these innocent 
and laudable ends. 
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